to overt thyroid failure, the annual percent risk increasing with serum TSH level. [1] There is evidence that elevated TSH levels in patients with SH do not reflect pituitary compensation to maintain euthyroidism, but a mild tissue hypothyroidism sensu strictu. When lasting more than 6-12 months, SH may be associated with an atherogenic lipid profile, a hypercoagulable state, a subtle cardiac defect with mainly diastolic dysfunction, and impaired vascular profile. [2] The pattern of cardiovascular abnormalities is similar in subclinical and overt hypothyroidism, suggesting that a lesser degree of thyroid hormone deficiency may also affect the cardiovascular system. Hypothyroid patients, even those with SH, have impaired endothelial function, normal/depressed systolic function, left ventricular (LV) diastolic dysfunction at rest, and systolic and diastolic dysfunction on effort, which may result in poor physical exercise capacity. [3] Mild elevations of TSH are associated with changes in lipid profile significant enough to raise the cardiovascular risk ratio, and these changes are corrected, once the patients have been rendered euthyroid. [4] However, mild SH has not been shown to be associated with an increase in cardiovascular risk, as assessed by carotid intima-media thickness or formation of carotid artery plaque; however, there are studies in literature to support the association and improvement in these parameters after supplementation with levothyroxine. [5] [6] [7] Autonomic function abnormalities have been documented in patients with primary hypothyroidism. [8] In premenopausal women, SH has a negative effect on the lipoprotein profile and may translate into a sizable cardiovascular risk if left untreated. [9] 
MatErials anD MEthoDs

Methods
We recruited 58 women (in the age range of 18-50 years) diagnosed with SH, who were drug naïve after informed consent. Age-and sex-matched controls were also recruited. Patients who were pregnant or lactating, had diabetes mellitus, hypertension, postmenopausal, women on oral contraceptives or hormone replacement therapy, smokers and alcoholics, patients with body mass index (BMI) >30 kg/m 2 , patients on steroid therapy, high-dose beta blockers, amiodarone, lithium, patients with major depression, and severe anxiety disorder were excluded from the study. Patients with any serious medical illness including pulmonary, cardiac, hepatic, renal, and neurological illnesses were also excluded from the study. Both cases and controls were nondiabetic.
Diagnosis of subclinical hypothyroidism
Two readings of serum TSH (repeated at least 6 weeks apart) between 4.5 and 10 mU/L with normal freeT4 levels. [1] Tests for cardiac autonomic function and vascular profiling were conducted in the morning time after the patients had a light breakfast and they were advised not to drink any caffeinated beverages at least for 3 h before the test. All patients were assessed in the same laboratory after they were acclimatized to the laboratory conditions for at least 10-15 min. The tests were performed while the patient lied down quietly on the bed and they were explained that the tests would be completely noninvasive.
The tests were carried out as follows the outcome measures for this study are discussed below in detail related to data acquisition and analysis.
Data acquisition
Electrocardiogram Electrocardiogram (ECG) signal was obtained in eight leads at a sampling rate of 1000 Hz (with an accuracy of about 1 ms) using Delmar Digicorders (California, USA). These data were stored on the hard drive and then backed up on to compact discs.
Vascular indices
Using the Vascular Profiler-1000 (Colin Medical Instruments, Japan), we could obtain blood pressure (BP) in carotid and all four extremities, ankle-brachial index (ABI) of BP, ankle-brachial pulse wave velocity (PWV). The Colin VP-1000 (Model BP203RPE II, Form PWV/ABI, Japan) was approved by the US Food and Drug Administration. The device works on a waveform analysis and vascular evaluation technology that measures arterial compliance in central (large) arteries as well as the peripheral arteries that aid in the early detection of vascular disease. This concept revolves around the "Rotterdam Study" [10] that establishes the correlation between arterial stiffness and atherosclerosis and the clinical evidence of central (large) artery stiffness as an established independent marker of cardiovascular morbidity and mortality.
Heart period variability Heart rate variability (HRV) can be expressed in both time and frequency domain measures. An important development in this area is the application of spectral analysis to heart period time series. The main advantage of spectral analysis of signals is the ability to study their frequency-specific oscillations. Thus, not only the amount of variability but also the oscillation frequency (number of heart rate [HR] fluctuations per second) can be obtained. Respiratory sinus arrhythmia is mediated by the parasympathetic system and gives a spectral peak between 0.15 and 0.5 Hz (high frequency [HF] ). The baroreflex-related HR fluctuations are found as a spectral peak around 0.1 Hz (low frequency [LF]); this spectral peak is dually mediated by parasympathetic and sympathetic systems. [11] Spectral power below 0.04 Hz (very LF [VLF] and ultra LF) appears to be mediated by thermoregulatory and renin-angiotensin systems. A very useful derivative measure is the ratio of LF to HF powers, as this reflects the relative sympathovagal balance, though it is controversial.
The upright position accentuates the baroreflex-mediated LF power while supine posture and controlled breathing enhance the respiratory sinus arrhythmia in the HF band. [12, 13] QT interval algorithm This was done using a graphical interface of digitized ECG where the time of the "R" wave was obtained using a peak detection algorithm. [14] [15] [16] Then, the operator provided the program with the beginning and the end of the QT wave template. This algorithm finds the QT interval for each beat using the time-stretch model. If the operator chooses a longer QT template, all the QT intervals will be biased accordingly. This algorithm should only be used to study QT variability and not the mean QT. The R-R interval and QT interval data were sampled at 4 Hz to obtain instantaneous HR and QT intervals. Using a 4 Hz sampling rate allowed an accurate estimation of the power spectrum up to 1 Hz. These data were edited using software, which eliminated premature beats using a linear spline approach. The data were then detrended using the best-fit line before the computation of spectral analyses.
Four oscillometric BP cuffs were applied to the four limbs. Lead I ECG electrodes were applied, and a phonocardiogram (PCG) sensor was placed on the V2 position on the chest. The test was then initiated to inflate and deflate all the four cuffs together with lead I ECG and PCG monitoring. The carotid sensor was placed on the right carotid artery using a collar-shaped sensor. Two sets of records were taken, each of 30-s duration. The machine had built-in software, which automatically calculated all the vascular indices. The sampling rate was 1024 Hz for the signals. The following is a description of different measures that were obtained from the Vascular Profiler:
Systolic BP (SBP), diastolic BP (DBP), mean arterial pressure (MAP), and pulse pressure (PP: SBP-DBP) are the averages of 60 s of data. MAP was calculated as DBP + 1/3 rd of PP (SBP-DBP). PWV is the speed at which the pulse is transmitted from the heart to the end artery when blood is expelled during contraction. It was mainly used to evaluate the hardness of the artery wall.
PWV + L (distance)/pulse transit time.
BAPWV indicates brachial to ankle PWV. The distance was measured by VP-1000 and is automatically calculated by patient's height based on statistical studies. An increase in this measure indicates arterial stiffening. Arterial stiffness percentage was calculated according to the normal values of the population and also taking gender into account. This is expressed in percentage.
For ABI data, the higher brachial SBP data were used. ABI is Ankle SBP/brachial SBP. This is mainly used to evaluate atherosclerosis. A low value of <0.9 indicates peripheral occlusive vascular disease in the lower extremities and may correlate with other regions as well. A high value over 1.2 or 1.3 may indicate a single or multiple vessel stenosis.
Measurement principle for the blood pressure
The machine detected the pulsation of the artery, caused by the contraction of the heart, as the pressure oscillation in the cuff. The relationship between the changes of cuff pressure and its oscillation was stored in memory and used to determine BP. When the cuff pressure oscillation increased rapidly, it was taken as SBP and when the oscillation decreased rapidly it was taken as DBP. Cuff pressure, when the oscillation reached a peak, was taken as MAP. This was not affected by external noise or electrical signal units.
ECG was continuously acquired in eight-lead-configuration in a noise-free environment. We used 256 s of artifact-free data sampled at 1024 Hz for the analyses of HRV and QT variability index (QTvi).
Analysis of the data
These have been described in great detail in the previous studies done by the coauthor. [17] [18] [19] We obtained R-R intervals, SBP, and DBP, using a peak and a trough detection program and then using Berger's technique. We constructed all the time series at 4 Hz using linear interpolation. The series were detrended using a linear detrending technique before performing spectral and cross-spectral analyses. The power spectrum was obtained as the magnitude squared of the Fourier transform using a rectangular window. The powers were integrated in the VLF (0.0033-0.04 Hz), LF (0.04-0.15 Hz), and HF (0.15-0.5 Hz) ranges. Relative powers were calculated as the percentages of total power. QT intervals were obtained by the technique described by Berger et al. [20] 
Statistical analysis
The effect sizes in our previous studies on QT variability, and arterial stiffness index for inter-group differences was at least 0.8-1. Thus comparing forty subjects in each group gave us a power of at least >0.6, as we used an alpha level of 0.05 for significance. This gave us about a 70% or more chance of being able to reject the null hypothesis for the degree of changes in the outcome measures between the two groups, especially in QT variability and arterial stiffness index.
The level of significance that we proposed to use was a probability value of ≤ 0.05 and all the tests were two-tailed.
rEsults
These patients were taken from Endocrinology outpatient Department of M.S. Ramaiah Hospitals and Bangalore Diabetes Hospital. The autonomic function tests were carried out by a single physiologist. In patients with SH whether the abnormality exists in the sympathetic or parasympathetic system is not very clear.
This study was done to see the abnormalities in cardiovascular functions in the sympathetic and parasympathetic system in 58 female patients with SH, and they were compared with age-and sex-and BMI-matched 49 euthyroid controls.
The HRLFHF was higher in cases compared to controls (P = 0.02) which suggests an increase in the sympathetic activity. The difference in the left and right ABI was more in cases than controls. Log of RRHF showed a higher trend toward controls than cases (P = 0.09). QTvi was higher in cases than controls while RRHF was higher in controls than cases.
The HR recovery HF, QTRT mean , SBP and DBP, and PWV were comparable between cases and controls. Correlation between TSH and LF/HF ratio in cases was not found to be significant (P = 0.75, r = 0.04) [ Table 1 ].
Discussion
The patients with SH in this study were found to have cardiac autonomic dysfunction and predisposition to early atherosclerosis.
The present study was a case-control study which took only females who were age, BMI, and gender-matched with controls.
Patients with SH have been shown to have a reduction in the parasympathetic activity. The HRHFLF was higher in cases compared to controls (P = 0.02). This suggests an increase in the sympathetic activity in our subjects with SH and similar results were reciprocated in the study done by Galetta et al., who also showed an increase in the sympathetic activity. [21] The patients who were included in the study done by Galleta had median TSH >3.6 mIU/ml and range was 3.8-12 mIU/ml and it included both men and women though the number of females was higher as compared to males, and the age was higher than compared to what has been taken in our study. [21] The mean age of females in our study was 31.8 ± 8.9 years. The previous study done by Mahajan et al . [8] also suggested that autonomic dysfunction may be seen in both subclinical and frank hypothyroidisms. [8] Inukai et al. showed that hypothyroidism is associated with increased sympathetic input to the heart. [22] They showed the power spectral analysis may be more sensitive than these tests. Low HF value suggests a reduction in the vagal tone, and though it was not significant, it was found to be lower in cases compared to controls. Kahaly also showed a hypofunctional parasympathetic system in patients with SH by analyzing time and frequency domain of HRV. [23] The QTvi, which is an index of QT variability normalized for mean QT over HRV, normalized for mean HR, was higher in cases than controls (P = 0.01) which again shows a predominance of sympathetic activity in cases compared to controls. The QT interval represents the duration from the onset of depolarization to the completion of repolarization of the cardiac cycle. The autonomic modulation of HR can be altered in SH, and this may lead to ventricular recovery time inhomogeneity. QTvi was a better predictor of sudden death in cardiac patients compared to other measures such as ejection fraction, HRV, and T wave alterans in a study done by Atiga et al. [24] Although generally QT variability follows HRV, there may not be a complete coherence always between the two-time series. [25] A previous study showed that coherence between HR and QT interval fluctuations in the range of 0-0.5 Hz, and especially in the HF range (0.15-0.5 Hz), was significantly lower in adults than in children. [26] There are studies in literature to show that intravenous isoproterenol and a change from supine to standing posture produces a significant increase in the QTvi, which again indirectly links it to an increase in the sympathetic activity. [14] And sympathomimetic agents such as Palmolein and Yohimbine have been shown to increase QTvi which again confirms that it is linked to increase in sympathetic activity. [27, 28] Thus, the demonstration of increased QTvi in patients with SH points toward increased sympathetic activity and thus may indirectly be a pointer toward an increased predisposition to cardiovascular morbidity.
There are conflicting results available with regards to the sympathetic overactivity in patients with hypothyroidism Cacciatori et al. showed an increased sympathetic influence in hypothyroidism, but a study done by Xing et al. showed a higher level of vagal tone in these patients. [29, 30] These conflicting results may be partially explained by the different selection of patients such as age, gender, type, severity, and duration of hypothyroidism and number of patients in the various studies and also to the diverse techniques used to monitor the sympathovagal imbalance. Log of RRHF showed a higher trend toward controls than cases. Galetta et al. showed that patients with SH showed higher QT dispersion and lower HRV measures than healthy controls, and QT dispersion was positively found to be positively related to TSH value and the measures became normal after treatment. [21] Kahaly reported a defect in the autonomic function, i.e., the parasympathetic system by the analysis of heart and frequency domain of HRV in patients with hypothyroidism. [23] The study took women who were older compared to the women included in our study, and group of similar data was replicated by studying HR response to exercise and recovery. The HRV was lower in cases than controls. Lower HRV is associated with increased risk of arrhythmia, but it was not found to be significant in our study (P = not significant). Galetta et al. showed that there is an increase in the sympathetic tone with decrease in the HRV in patients with hypothyroidism suggesting a decrease in the vagal tone. [21] Similar results have been shown in our study where the HRV was found to be reduced in cases compared to controls. Sahin et al. also suggested that in patients with TSH >10 there was a decrease in the sympathetic tone and increase in the parasympathetic activity. [31] Inukai et al. showed a defect in parasympathetic activity in patients with severe hypothyroidism. [32] Celik et al. showed that HRV and HR turbulence were decreased in the patient group, and treatment with levothyroxine was not found to effectively restore the cardiac autonomic functions. [33] Falcone et al. showed that time domain parameters of HRV were definitely lower both in patients with SH than in the control group, with statistically significant differences in the standard deviation of all NN intervals (SDNN), mean of the sum of the square of the differences between adjacent NN intervals (root mean square of successive difference), triangular interpolation of NN interval, and mean response ratio for both subgroups. HF is a marker of vagal efferent signal that is modulated by ventilation. [34] HRV parameters were lower in cases as compared to controls in both time and frequency domains. HRV measures fluctuations in the autonomic inputs to the heart. Thus, it measures both autonomic withdrawal and saturating level of the sympathetic input which can lead to diminished HRV.
The mechanism for autonomic dysfunction in hypothyroidism has been contemplated to be due to high level of adrenaline along with a receptor or postreceptor sensitization, a decrease chronotropic response to beta-adrenergic stimulation, increase in thyrotropin-releasing hormone which has a direct influence on the sympathetic outflow. [35] [36] [37] [38] [39] [40] [41] [42] The thyroid hormones can also have direct effect on the heart which includes increased protein deposition in the extracellular space leading to accumulation of water in the myocardial wall which can further cause fibrosis and increased regional inhomogeneity of ventricular repolarization. [43] Impaired cardiac autonomic activity is closely related to lethal arrhythmias. [40] Sahin et al. showed a statistically significant difference in only time domain parameters of SDNN and SD of all 5-min mean normal NN intervals in patients with TSH >10 and controls and also a positive correlation was demonstrated between TSH value and root mean square of successive R-R interval. [31] The data on the effect of SH on sympathetic and parasympathetic activity are therefore contradictory. Sahin et al. showed that in patients with TSH >10 there was a decrease in the sympathetic tone and increase in parasympathetic activity while our study results show increase in sympathetic activity and reduction in parasympathetic activity which is similar to the results shown by Galetta et al. [31, 44] HRV measures the fluctuations in the autonomic inputs rather than mean of autonomic inputs; thus, both autonomic withdrawal and high level of sympathetic activity leads to diminished HRV.
Hamano and Inoue showed that vascular wall stiffness is increased in patients with SH and overt hypothyroidism, and appropriate treatment of the same may reverse the cardiovascular abnormalities. [45] Kosar F et al. also showed that SH is associated with impaired right ventricular diastolic function in addition to impaired LV diastolic function. In our study, the PWV on the right and left side was not found to be different among cases and controls. [2] Thus, autonomic dysfunction in SH would also justify the treatment of these patients as abnormality may lie in the sympathetic or parasympathetic system. There was no difference in SBP and DBP in the two groups. The BP was not recorded to be high in any of the subclinical hypothyroid group.
The difference in the left and right ABI was more in cases than controls (P = 0.03). This could point towards an increased cardiovascular risk as shown in the study done by Nead et al. who studied participants undergoing nonemergent coronary angiography and were subsequently followed for all-cause and cardiovascular mortality where it was shown that in patients who had no peripheral vascular disease, there was an 11% increased risk of all-cause mortality per 1 mmHg increased difference between the left and right brachial systolic pressures. [46] The results in our study show a difference in the right and the left ABI, and this could prove to be a marker of cardiovascular morbidity in future follow-up studies.
The limitations of our study include lack of follow-up data with repeat autonomic function tests after starting levothyroxine to see for improvement or any change in any of the parameters. The further studies are needed to follow-up these patients for improvement in the parameters after treatment. Another limitation of our study is that we included only females in our study, and further research is needed in males also to see if these findings can be extrapolated to males also.
conclusions
Our study shows conclusively that patients with SH have significant sympathovagal dysfunction although few studies have shown predominant vagal dysfunction, but our study emphasizes that sympathetic dysfunction is also significantly present in this group of patients. The QTvi may be an important noninvasive tool in this group of patients to study the risk of cardiovascular mortality. The higher difference in the ABI between the two sides in cases confirms the previous findings that SH may lead to increased cardiovascular mortality if left untreated. These findings may explain higher cardiovascular morbidity and mortality in patients with SH and has further strengthened the evidence in favor of treatment with replacement therapy. It may lead onto follow-up studies to show how the vascular changes may progress over time.
